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(54) Tuning scheme for code division multiplex broadcasting system 



(57) A CDM satellite transmission system is dis- 
closed that broadcasts programming content, such as 
audio and video information, using one or more geo- 
synchronous satellites based on Code Division Multiple 
Access (CDMA) technology. Forward error correction 
coding and interleaving are used prior to broadcasting 
the signals over the CDM channel to account for signal 
loss due to short-term fading. The CDM satellite trans- 
mission system provides a tuning channel correspond- 
ing to each program channel that reduces the delay 
when a mobile receiver is first tuned to a selected pro- 
gram channel. The tuning channel utilizes a shorter 
interteaver length, if any, than the corresponding pri- 
mary program channel. The CDM satellite transmission 
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system transmits a delayed version of a program signal 
with the on-time version of the audio output to accom- 
modate uninterrupted reception in the event of such a 
blockage. In one implementation of the invention, the 
core layer, C(n), of the delayed version of the audio out- 
put of a scalable audio coding scheme is utilized as the 
tuning channel. The core layer, C^n), and enhance- 
ment layers, E^n), of the on-time signal and the 
enhancement layers, E 2 (n), of the delayed-time signal 
employ a representative block interleaver having a dura- 
tion of four seconds. The tuning channel (C 2 (n), of the 
delayed-time signal) employs a representative block 
interleaver having a duration of 500 milliseconds. 
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Description 

[0001] This application is a continuation-in-part of U.S. Patent Application Serial No. 09/220,722. tiled December 
24, 1998 and U.S. Patent Application Serial No. 09/203.663, filed December 2, 1998, which are assigned to the 
5 assignee of the present invention and incorporated by reference herein. 

Field oi the Invention 

[0002] The present invention relates generally to satellite broadcasting techniques, and more particularly, to satel- 
10 lite broadcasting techniques based on Code Division Multiple Access (CDMA) technology. 

Background of the Invention 

[0003] Satellite broadcasting systems for transmitting programming content have become increasingly popular in 
is many parts of the world. Direct Broadcasting Satellite (DBS) systems transmit television programming content, for 
example, to a geo-synchronous satellite, which broadcasts the content back to the customers. In such a wireless broad- 
cast environment, the transmitted programming can be received by anyone with an appropriate receiver, such as an 
antenna or a satellite dish. 

[0004] In addition, a number of satellite broadcasting systems have been proposed or suggested lor broadcasting 
20 audio programming content from geo-synchronous satellites to customers in a large coverage area, such as the conti- 
nental United States. Satellite broadcasting systems for television and radio content provide potentially national cover- 
age areas, and thus improve over conventional terrestrial television stations and AM/FM radio stations that provide only 
regional coverage. 

[0005] Code division multiple access (CDMA) techniques have been proposed for satellite broadcasting systems to 
25 permit a number of programming channels to be transmitted on the same carrier frequency Code division multiple 
access (CDMA) techniques transmit multiple information signals on the same carrier frequency, and differentiate each 
programming channel by encoding the channel with a unique orthogonal code. 

[0006] CD Radio Incorporated has proposed a satellite broadcasting system having two satellites and a group of 
repeaters to provide audio service. The CD Radio system is described, for example, in United States Patent Numbers 

30 5.278,863, 5,319,673, 5,485,485 and 5,592,471. In a developed area, the direct line of sight (LOS) between a mobile 
receiver and' the transmitters on the satellites and repeaters can be blocked, for example, by underpasses or other 
structures. Thus, many satellite broadcasting systems transmit a delayed version of each program channel with the on- 
time version of the program channel to permit uninterrupted reception in the event of a blockage. U.S. Patent Applica- 
tion Serial No. 09/220,722. filed December 24. 1998, a parent application to the present patent application, discloses a 

35 code division multiplex (CDM) satellite broadcasting systems that transmits both the on-time and delayed versions of 
each program channel transmitted from the same satellite. 

[00071 In digital broadcasting applications, feedback or retransmission of lost symbols or packets are not desirable 
solutions, because of the nature of the broadcasting environment. Thus, forward error correction schemes, such as con- 
volutional and block coding, have been used to combat fading or packet loss in a broadcast environment. Forward error 

40 correction schemes protect the transmitted signals so that even if part of a signal is received with error, the error may 
be corrected or minimized using other transmitted information that is received under more favorable conditions. Convo- 
lution^ codes effectively reduce reception errors due to relatively slow fading, provided appropriate interleaving is also 
employed. Interleaving scrambles a signal over a certain time interval. In order for convolution^ codes to work properly, 
consecutive symbols presented to a signal channel decoder at the receiver should be uncorrected. For example, the 

45 consecutive symbols should be separated timewise from one another during transmission, such as occurs by interleav- 
ing. 

[0008] If block-coded symbols are interleaved over the duration of many blocks before transmission, symbols asso- 
ciated with a lost packet will be de-interleaved by the receiver and found among many different coded blocks. Thus, the 
number of symbol errors that may occur in each coded block is reduced, and the likelihood that a selected block code 

so will correct aJl symbol errors in a transmitted signal is correspondingly increased. A large interleaver length, however, 
results in large time delays when first tuning the receiver to a broadcast program, since decoding and reproduction of 
the original program content can start only after an entire interleaved packet has been buffered or stored at the receiver. 
[0009] While a delay of as much as several seconds between signal reception and program reproduction at the 
receiver may go unnoticed by a user as long as the receiver remains tuned to one program, such delay can be intoler- 

55 able when first tuning the receiver to select a program, or while re-tuning to select a different program. Then, delays of 
at most a fraction of a second may be tolerable. Thus, while large interleaver lengths help to ensure that a program 
source signal is transmitted, received, decoded and reproduced with minimum error due to fading and noise, the inter- 
leaver lengths must be relatively short if program decoding delays at the receiver are to be minimized while the receiver 



2 



EP 1 030 463 A2 



w 



15 



is being tuned or swrtched among different programs. U.S. Patent Application Serial No. 09/203,663, filed December 2 
1998, a parent application to the present patent application, discloses a techniqua that allows a receiver to reproduce 
a program source with minimal delay when the receiver is first tuned to the program source Generally a Uinino cr«nn^ 
SET Pr ° 9ram Channe ' ^ Uti,i2e8 9 Sh ° r,er imer,eaVer ,en ^^an the Z^ZpZZ^ 

Summary o f the Invention 

1001 0] Generally, a CDM satellite transmission system is disclosed that broadcasts programming content such as 
T°* '^'TZ^ 9 006 ° r ««>^n* ro n 0 u. satellites based on Code n*£ Mutople /SeS 
CDMA) technology The COM sateffite transmission system may optionally include one or more terrestrial epeSer? 
in order to account for s.gnal loss due to short-term fading, the CDM satellite transmission system utilizes foZd eSr 
correction coding and interleaving prior to broadcasting the signals over the CDM channel. A mobWe re?eL7de-inter 

S 11 Sr ° Ver *?Zr~" , ' n,erVa '' ^ aPP " eS *■**•"«"' signal to a channe' d^eT 
[0011] According to one aspect of the invention, the CDM satellite transmission system provides a tuning channel 
corresponding to each program channe. that reduces the de.ay when a mobile receiver is first tuned to 

2 K tUnin9 t anne ' Uti,iZeS 8 Sh0f,er in,6rleaver ,en ^ if an » the correspond^ pr^Sm 

nrZ^ h "? ere,n ' a ^ n,nQ Channel " iS 3 Channel that transmits at ,east a »»*>" <* the corrLp<SrZary 
program channel using a shorter interleave delay, if any. than the corresponding primary program cha^e ?hus the 
present invention .mproves on conventional techniques that require a mobile receiver to waft for a period cor espond no 
o the irtterieaver .ength before the receiver can decode a received signal, resulting in a delay iual toTt SSSSS 
eaver length each time a new program is selected, before the new program can be reproducS 
[0012] In an illustrative embodiment, the CDM satellite transmission system transmits a four (4) second delaved 
version of a program signal with the on-time version of the audio output to accommodate unintenup ed rSSon n S 

%2ZJT h T, "1? * * he feCe,Ved Si9nal iS l0St ™ e 0rVtime version of the output is transmitted by a 
first satellite, while delayed version of the audio output is transmitted by a second satellite 

0013] In one implementation of the invention, the core layer. C(n). of a scalable audio coding scheme is utilized as 
the tuning channel. While the core layer. C(n). is independently decodable. the enhancement Payers Bn) P Se a 
higher quality reproduction when decoded. Thus, a "core" reproduction of the program may be reSy rep roS for 
purposes of tuning and program selection by a user of the CDM satellite transmission system 
0014] Furthermore, in the illustrative embodiment, the core layer. C 2 (n). of the delayed version of the audio cutout 
is used as the tuning channel. While the core layer. C l( n), and enhancement layers, E l( n) of thJ^Sn Tsigna an^e 

ssrs27ift of ^ de,ayed -* me ^ a wock in,er,eaver havi "9 a *»*» 2 

oSSisecondJ : ' ° S,9nal ' * ^ 8 b,0Ck in,erleaver havin 9 a ^ a «°n 

[0015] A more complete understanding of the present invention, as well as further features and advantaoes of th P 
present invent™, will be obtained by reference to the following detailed description and dr^gs ° f 

i° Brief Description of thi» i?r?w(nos 
[0016] 

FIG. 1 illustrates a CDM satellite transmission system in accordance with the present invention; 
t F ^^ a ^rm: tranSmiSSi ° n ^ ° n " ,ime and de ' ayed Si9na ' for a conven « ona « CDM — ■• 

. StSST^SST times for ,he on ' ,ime and delayed si9nal paths wrth a tunin9 chann * in 

FIG. 4 illustrates the transmitter of FIG. t; 

FIG. 5 illustrates a parallel implementation of the transmitter section of FIG. 4; 

55 

FIG. 6 illustrates a serial implementation of the transmitter section of FIG. 4; 
FIG. 7 illustrates a parallel implementation of the receiver of FIG. t ; and 
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FIG. 8 illustrates a serial implementation of the receiver of FIG. 1. 
Detailed Description 

5 [0017] FIG. 1 illustrates a CDM satellite transmission system 100 in accordance with the present invention. The 
CDM satellite transmission system 100 transmits digital music and other audio information from an uplink station (not 
shown) to one or more mobile receivers, such as the mobile receiver 150. A plurality ot audio channels are multiplexed 
onto a carrier frequency using Code Division Multiple Access (CDMA) technology. The term Code Division Multiplexing 
(CDM) is used herein, since the satellite transmission system 100 operates in a broadcast mode. A maximum bit enor 

io rate of 1 0" 5 is generally desirable for compact disk (CD) quality music. 

[0018] As shown in FIG. 1. the illustrative CDM satellite transmission system 100 includes two satellites 1 10, 120 
operating in a broadcast mode. The satellites 110, 120 are designed to be geo-syncbronous, and are located over a 
desired geographical coverage area, such as over the eastern and western United States, at appropriate angles of ele- 
vation, as dictated by the requirements of a geo-synchronous system. In addition, the illustrative CDM satellite trans- 

15 mission system 100 optionally includes a plurality of tenestrial repeaters, such as the terrestrial repeater 140, 
discussed below, that will operate in dense urban areas, where the direct line of sight (LOS) between the satellites 1 1 0, 
120 and tha mobile receiver 150, can be blocked due to the angle of elevation and shadowing by tall buildings. The link 
between each repeater 140 and at least one satellite 1 10, 120-is designed to be line of sight. The terrestrial repeaters 
140 retrieve the information from the satellite, or directly from the 6tudio, by well-known technical means, such as wire- 

20 line or microwave links. It is noted, however, that the present invention can be implemented in a CDM satellite transmis- 
sion system 100 that includes only a single satellite, such as the satellite 120, as would be apparent to a person of 
ordinary skill in the art. 

[0019J The direct line of sight (LOS) between the mobile receiver 150 and one or both satellites 1 10, 1 20 and the 
repeater 140 in the illustrative embodiment can be blocked by underpasses or other structures. It has been observed 

25 that blockages will generally not last longer than one or two seconds. Thus, the CDM satellite transmission system 1 00 
may transmit a four (4) second delayed version of the signal with the on-time version of the audio output to accommo- 
date uninterrupted reception in the event of such a blockage. Generally, the on-time and delayed signals attempt to pro- 
vide time diversity over a period longer than the period in which the received signal is lost. The receiver decodes and 
combines both the on-time and delayed channels. In the illustrative embodiment, one satellite, such as satellite 110, 

30 transmits the on-time version of the audio output, while the other satellite, such as satellite 120, transmits the delayed 
version of the audio output. 

[0020] As discussed further below, the CDM satellite transmission system 1 00 utilizes forward error correction cod- 
ing and interleaving prior to broadcasting the on-time and delayed signals over the CDM channel. The mobile receiver 
150 de-interleaves the received signals over a corresponding interval, and applies the de-interleaved signal to a chan- 

35 nel decoder. Interleaving both the on-time and delayed signals accounts for short-term fades. 

[0021 ] As previously indicated, if the illustrative inter leaver length is four seconds, the mobile receiver 1 50 must wait 
for a corresponding four seconds for the de-interleaver to output de- interleaved symbols before the mobile receiver 150 
can decode them. As previously indicated, when a conventional mobile receiver first tunes to a program, or switches 
from one program to another, the four second de-interleaver must be filled before decoding can begin. Thus, the user 

40 must wait at least four seconds each time a new program is selected, before the new program is reproduced. 

[0022] According to a feature of the present invention, the CDM satellite transmission system 1 00 provides a tuning 
channel for each program channel that reduces the delay when a mobile receiver 150 is first tuned to the program chan- 
nel. As discussed further below, the tuning channel utilizes a shorter interleaver length, if any, than the corresponding 
primary program channel. As used herein, a "tuning channel" is a channel that transmits at least a portion of the corre- 

45 spending primary program channel using a shorter interleaver delay, if any. than the corresponding primary program 
channel. 

[0023] The satellites 110, 120 receive the broadcast signal from a studio, for example, over a robust radio frequency 
(RF) link, and the satellites 1 1 0, 120 will broadcast the signal after down-converting the signal to the carrier frequency. 
The terrestrial repeaters 140 retrieve the information from the satellite, or directly from the studio, by well-known tech- 
50 nical means, such as wireline or microwave links. The satellites 110. 120 and the terrestrial repeaters 140 broadcast 
the signal using the same or similar transmitter 400, discussed below in conjunction with FIG. 4, and multiplexing tech- 
nology. 

[0024] Although the present invention does not require the use of any particular coding scheme, a representative 
scalable audio coding scheme is described in J. Herra et aL, The Integrated Firterbank Based Scalable MPEG-4 Audio 
55 Coder," 105 th Audio Engineering Society (AES) Convention (Sept. 1998). incorporated by reference herein. As shown 
in FIG. 2, in such a scalable audio coding scheme there is a core layer, C(n), and one or more enhancement layers, 
E(n). While the core layer, C(n), is independently decodable. the enhancement layers, E(n), provide a higher quality 
reproduction when decoded. In one implementation of the invention, the core layer, C(n), is used as the tuning channel. 
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Jit SZVnZ tT" 6 Pr ° 9ram m9y b6 readNy re P roduced for P" r POses of tuning and program selection by 
a user o the CDM satellite transm.ssion system 100. In the illustrative embodiment, the audio coder rate is assumed to 

2it ?T ^' Per w eCOnd ' With 32 "^-P^-second allocated to the core layer. C(n). and 64 kilo-bits-per-second 
allocated to the enhancement layer. oovuuu 

s [0025] FIG. 2 illustrates the transmission times for the on-time and delayed signal paths. As shown in FIG 2 the 
? 9 O,fo " r = econd b,octe °' la 13 . w« h C(n) and E(n) representing the channel coded core and enhancement 

S f l a rL i S f sec0 " d o W0Ck - The «Hjnal 210 corresponds to the core and enhancement layer blocks before 
S 1 . 96 3? 519081 220 corres ' 50nds to the interleaved on-time signal and the signal 230 corresponds to 

» mw2 k S ! S ' 9nal " ,$ n0t6d th3t ,he ° n - ,ime Si9nal 220 and the 230 can each be trans- 

US ST*,. 0 ',*? Mt fS? 1 10 ' 12 °' 83 WOuld be apparent t0 a person of ordinaf y ski " in »he art As indicated 
'"" s,ra ^ e e "*«"ment. one satellite, such as satellite 110. transmits the on-time version of the audio out- 
put 220. while the other satellite, such as satellite 1 20. transmits the delayed version of the audio output 230 Further 
the core layer C2(n). of the delayed version of the audio output 230 is used as the tuning channel. Thus, the core layer' 
C,(n). and enhancement layers. E,(n). of the on-time signal 220 and the enhancement layers, E 2 (n), of the delaye- 
rs tame s,gnal 230 employ a block interleaver having a duration of four seconds. The core layer. C 2 {n) of the delayed-time 
•? ' S tUni " 9 Channel " emp,0) ' s a block interleaver "aving a duration of 500 milliseconds 
[0026] The on-time signal 220. C t (n) and Erfn). is obtained by interleaving C(n) and E(n) over a four second period 
and « transmitted durmg the time period f4n*4. *h8]. The delayed signal 230. C 2 (n) and E 2 (n). is obtained by Inter- 
leaving C(n) and E(n) over a four second period and is transmitted during the tame pericxJ[4n + 8 4n + 12] AttherecSe 
at a tame equal to [4n+1 2], the de-interleaved output from the delayed-time signal path corresponding to C,(n) and E,(n) 
is combrned Iwrth the de-interleaved output from the on-time signal path corresponding to C,(n) and E l( n) It is noted 
S 1 £!? ™ 1 (n i a 1 ° n ; flme com P° nents and th « de-interleaved output from them are available at a time equal 
™ ,s u comb,nec, s, 9 nal 18 then ,ed to the channel decoders for the core and enhancement layers 

C^E m n Sn C i»^P < ? SS i?2 nal 10 ^ Und6rpaSS time in,6rVal [4n+4 ' 4n+8 '' the si 9" al affects 
C,(n). E,(n). Ca(n-1) and E 2 (n-1). However, since C 2 (n). E 2 (n). C,(n-1) and £,(1,-1) are not affected, this conventional 
interleaving scheme performs satisfactorily. conventional 
[0028] As previously indicated, the illustrative interleaves used to generate the signals 220 230 of FIG 2 are four 
seconds long. Thus, the de-interleaving delay at the receiver is at least four seconds. When a user changes the audio 

of ErlSTr" I "? ^ inC ° m J" 9 ^ ^ * ' eaSt ,0Ur SeCOndS Which *~ rise to a minimum toning Sy 
innH n » ^ example, ,f a user changes the audio channel at a time of [4n + 9] (FIG. 2). the received data corre- 
sponding to the new channel cannot be used in the interval [4n + 9. 4n + 12]. During the interval [4n + 12. 4n + 16], C l( n + 2) 

for the t«me .n erval [4n + l6. 4n + 20J. the delayed time signal C^n-l) and E 2 (rHl) can be decoded and played at X 
aud,o output. It <s noted that the combined signal from both on-time and delayed time paths will be available only at a 

conventional methods only at a time equal to [4n+16], 8 
^.° 29 ^ , f^' 3 i,,ustra,es lhe interleaving scheme with a tuning channel in accordance with the present invention 
The signa 310 corresponds to the core and enhancement layer blocks before the interleaver stage tSEJJJS !Z 
re^onds to the interteaved on-time signal and the signal 330 corresponds to the interleaved delayed-time SL. Since 

emJdX 6 T' ^ 01 *! ™ y6d Ve,5i0n * the 9Udi0 "** 330 18 USed 35 the ^nne, in the Sstra ve 
embod.ment. toe on-time signal 320 ,s the same as with the conventional interleaving scheme of FIG. 2. The core layer 
C 2 (n) of the delayed version of the audio output 330 is interleaved over a shorter interleaver delay such as 500 mini' 
seconds, rather than the four second interleaver delay used for the primary channels. In FIG. 3. C'(n) denotes the bio* 
of channel coded core layer data in the time interval [4n + .5(i-1). 4n + .5i], where / is an integer betweeronrarti e iaht 

" I 9 T ^ [ T 21 °"* ne C ° mp0nemS - Cl(n) 9nd ^ and ™ fr ™ ^ ™«£5S 
to toTrh«nn.M U6 ^ ' T ^1° ^ * E 1 <"> Mn). can be combined 

[0030] If a user changes a channel at a time equal to [4n + 9], after 500 milliseconds, the core layer in the delayed- 
•me path, ^(n-1), is available to the channel decoder. It is again noted that the tuning channel c^^SS^ 
layer data. At a time equal to [4^12], the receiver begins buffering C l(n+ 2), E, (n + 2) L ^(ihiTXISS channel 
. f^h aVai,a ' ,Q d6C0ded data Until a time ^ t0 ^ 4n+16 ^ For *» Nerval rf^^S^ 

W4JSSS.^ yer8 ' ^^^^ K 2<n+1 } ' fr ° m ^ d6la ^- time P ath « «— • and. finally, at a I2 ^a> 
channel with the tuning delay varying from 500 milliseconds to one second. 

[0031] As shown in FIG. 4, each transmitter 400 includes n+1 sources 410-0 through 41 0-n for providing n informa- 
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tion channels. The zero-th channel is reserved for the pilot signal in the illustrative embodiment. The pilot channel 
allows a mobile station to acquire the timing of the Forward CDM Channel after a mobile receiver 150 is initially turned 
on ("initial pilot detection"). In addition, the pilot channel enhances the overall signal quality by providing a phase refer- 
ence for coherent demodulation ("continuous pilot detection"). The pilot channel is unmodulated, all Vs and is assigned 

5 the orthogonal code "0" which is also the one sequence, in accordance with IS-95. 

[0032] The pilot signal is encoded with an orthogonal code 430. The length of the orthogonal code 430 may be 
determined based on the number of on-time and delayed channels to be transmitted. The length of the orthogonal code 
430 need not be a power of two. For a detailed description of a spread spectrum system that utilizes orthogonal codes 
having lengths that are not a power-of-2, see United States Patent Application Serial Number 09/184,613, filed Novem- 

w ber 2, 1998, entitled "A Method And Apparatus For Achieving Channel Variability In Spread Spectrum Communication 
Systems" (Attorney Docket Number Sayeed 3), assigned to the assignee of the present invention and incorporated by 
reference herein. 

[0033] Thereafter, the transmitter allocates the available power 440. among the pilot channel and the audio chan- 
nels. In one embodiment, each information source 410-1 through 410-n is encoded using a perceptual audio coder 

is (PAC), such as those described in United States Patent Number 5,732,189, assigned to the assignee of the present 
invention and incorporated by reference herein. In one implementation, the audio coders 410-1 through 410-n output 
digital information at 96 kilo-bits-per-second. Thereafter, each audio channel is processed by a corresponding transmit- 
ter section 500, such as the transmitter section 500-i. corresponding to the i-th branch of the transmitter 400. The trans- 
mitter section 500 is discussed below in conjunction with FIG. 5. 

20 [0034] The spread signal outputs of each transmitter section 500 are summed by a signal summer 460, before 
psuedo-noise spreading 470 is performed in quadrature and in-phase (IQ). Waveform shaping is performed at stage 
480 using 12.5 MHz of bandwidth in the illustrative embodiment, with appropriate Nyquist rolloff, before the signals are 
converted to the carrier frequency, F c , and transmitted at stage 490. It is noted that if some of the channels are known 
to contain only speech, then the human voice activity factor can be utilized to lower the power level of the speech chan- 

25 nels, and increase the CDM link capacity. 

[0035J A parallel implementation of a transmitter section 500 is shown in FIG. 5. As previously indicated, the core 
layer, C 2 (n), of the delayed version of the audio output 230 is used as the tuning channel in the illustrative embodiment. 
Thus, while the transmitter section 500 includes a primary path for encoding and transmitting the primary program 
channel and a tuning channel, the tuning channel may be disabled for the transmitted associated with the on-time ver- 

30 sion of the audio output 220. 

[0036] As shown in FIG. 5, the transmitter section 500 includes an audio coder 510. which may be, for example, the 
scalable audio coding scheme described by J. Herra et al. and incorporated above. The transmitter section 500 
includes a delay stage 51 5 that is configured to introduce a delay of T1 . If the transmitter section 500 is producing the 
delayed version of the program source, (satellite 120 in the illustrative embodiment) the value of Tl is set to four (4) sec- 

55 onds. If the transmitter section 500 is producing the on-time version of the program source, (satellite 1 10 in the illustra- 
tive embodiment) the value of T1 is set to zero. 

[0037] The audio coded signal is applied to an input of a forward error correction (FEC) encoder 520 that applies, 
for example, a known rate V* convolution^ block code to allow recovery of bits or symbols that may be lost due to noise 
bursts. Thus, if the audio coded signal is 96 kilo-bits-per-second, the output of the FEC encoder 520 will be 192 Wlo- 

40 bits-per-second. The coded signal output by the forward error correction (FEC) encoder 520 is applied to an input of a 
first interleaver 530 on the primary channel. The first interleaver 530 is configured to scramble consecutive signal bits 
or symbols of the coded signal stream over a first delay interval or length, D1 , to overcome expected effects of signal 
fading when the signals are broadcast over a given transmission channel. In the illustrative embodiment, the value of 
D1 is four (4) seconds for both satellites 110, 120. 

45 [0038] The signal produced by the first interleaver 530 is then encoded with an orthogonal spreading code and 
modulated at stage 560. Again, the length of the orthogonal codes need not be a power of two. For a detailed descrip- 
tion of a spread spectrum system that utilizes orthogonal codes having lengths that are not a power-of 2, see United 
States Patent Application Serial Number 09/184,613. filed November 2, 1998, entitled "A Method And Apparatus For 
Achieving Channel Variability In Spread Spectrum Communication Systems" (Attorney Docket Number Sayeed 3). 

so assigned to the assignee of the present invention and incorporated by reference herein. 

[0039] The coded signal output by the forward error correction (FEC) encoder 520 is also applied to an input of a 
second interleaver 540 on the tuning channel. As shown in FIG. 5, a second forward error correction (FEC) encoder 525 
may be optionally utilized in an alternate implementation to provide a different error correction scheme for the tuning 
channel. In accordance with the present invention, the second interleaver 540 on the tuning channel has a second delay 

55 interval or interleaver length, D2, that is shorter than that of the first interleaver 530 on the primary channel. Thus, if the 
transmitter section 500 is producing the delayed version of the program source, and likewise the tuning channel (satel- 
lite 120 in the illustrative embodiment) the value of D2 is set to 500 milliseconds. If, however, the transmitter section 500 
is producing the on-time version of the program source, and thus does not include a tuning channel (satellite 1 10 in the 
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illustrative embodiment) the value of D2 is set to four (4) seconds (transmitting the core layer with an interleaver length 
of tour seconds). 

[0040] Signals output from the second interleaver 540 are input to a signal delay stage 550. The delay stage 550 is 
conjured tointroduce a time delay, T2. to the tuning channel that is substantially equal to the length of the first inter- 
' eaver 530 ™«. * »» i'^trative embodiment, the delay introduced by the delay stage 550 if the transmitter section 
500 is transmitting the tun.ng channel (satellite 120) is approximately 7.5 seconds (4 seconds minus 500 milliseconds 
to synchronize plus four second offset from enhancement layer). The value of T2 if the transmitter section 500 is trans- 
mfling the on-time signal (satellite 110) is zero. The tuning channel facilitates reproduction of the program source at the 
receiver when the CDM satellite transmission system 100 is first tuned to the program source 

10 [0 ? 1 1 m T !l! ^'T* Si9nal PrCdUCed by ,he S6COnd inter,eaver »0 ^ then encoded wHh an orthogonal spreading 
r°? 6 , a Z ^ U ^ 31 Ste9e 59 °- ln the " ,UStrative embodim ^- ""ere the interleaved, coded 64 Kbps core layer 
5^ot^ 

. l T 2 i !". th6para,,e ' ^^er section shown in FIG. 5, a plurality of spreader and modulator stages 560-n are 
rs utilized on the primary channel. In the illustrative embodiment, the interleaved, coded signal that is generated by the 
.merleaver 530 has a rate of 128 kilo-bits-per-second allocated to the enhancement layer. The parallel transmitted 
shown in FIG. 5 includes two spreader and modulator stages 560-1 and 560-2. that each encode with a data rate of 64 

S^p^ $ 'K»c m J5 Pr °! Ch is ; mp u ,emen,ed - where ^ 64 Wlo-bits-per-second audio inputxhannel is splH into 
two 32 tato-brts-per-second aud.o sub-channels 560-1 and 560-2. with a separate signature sequence (orthogonal 

ETS } T' 9 ^ * "? f Ub - Channe ' E8Ch ° f *• Spreader and ™<«^ stages 560-nare mJSSSSZ 
the enhancement layer. It is noted that the 64 Kbps of coded data for the core layer is transmitted on the tuning channel 
using a four second interleaver for the on-time signal and a 500 millisecond interleaver for the delayed signal In this 
manner each of the spreader and modulator stages 560-n for the primary channel and the spreader and modulator 
stage 590 for the tuning channel have the same length. moouiaior 

S^ 1 t S !?' ™J* ementa,ion of a transmitter section 500' is shown in FIG. 6. Each of the components shown in 
FIG. 6 may function .dentically to those corresponding components described above in conjunction with FIG 5 In the 
serial transmrtter section shown in FIG. 6. a single spreader and modulator stage 560 is utilized on the primary channef 
In the illustrative embodiment, the interleaved, coded signal generated by the interleaver 530 has a rate of 128 Wlo-bits- 
m^™" 1 T ^ a " additi ° nal 64 "** a " 0Cated to the core Th ° serial transmitter 
of 128 lipi SP ' m0dUla, ° r 81396 56 °' lhat 6nCOdeS ,he enhanceme "t layer with a data rate 

fi?£ J 7 JX*" *S S6fia ! VerSi ° nS ° f the reCSiver 700 for the CDM satellite transmission system 100 are shown in 

' '7J,T I V?? in RQ ? - reC6iVed Si9nal <COnV6rted t0 a di9itaJ «*"■' * an analog-to<figita. 
converter) ,s applied to a bank of rake receivers 710-n in the parallel implementation. The rake receivers 710-n each 
prov.de a bank of fingers, with each finger having on-time, delayed and pilot processing. Thus, the rake receivers 710- 
n include composite fingers that can track the on-time and delayed veraions of the same primary channel The rake 
mnT-T Sf (71 °' d 5 ^ S8rial implementation ) inc,udeB a composite finger that can track the tuning channel 
5??, k "* S ' 9na corres P° ndin 9 to satellite two (120) is received by rake receivers 710-3 (enhancement) 
710-4 (enhancement) and 710-6 (core-tuning). The enhancement layer is then de-interleaved at stage re! usT 2 
same interieaver delay .D1. as the first interleaver 530 (four seconds). The de-interleaver is configured to '3 
signal bits or symbols that were scrambled over the first delay interval, to overcome signal losses due to Uhg^t» 
transmission channel The delay 740 is utilized to synchronize the primary (enhancement) and tuning (core) channels 
and is configured to introduce a time delay. T5. Thus, in fhe illustrative embodiment, the delay. TS.lioducedTy the 
delay stage 740 is approximately 500 milliseconds. The core layer from satellite two (120) is then de-interleaved "at 
stage 730 using an interleaver delay. D2. of 500 milliseconds. The output of the interleaver 730 then 
stage 750 having a delay, T6. set to zero seconds. y 

5??, u™ 6 reC8 ? d Si9 " al corres P° ndin 9 to satellite one (110) is received by rake receivers 710-1 (enhancement) 
710-2 enhancement) and 710-5 (core-tuning). The enhancement layer is then de-interleaved at stage 71 S 
same unterleaver delay. D1. as the first interleaver 530 (four seconds). The delay 735 is utilized to synchronize Z 
enhancement and core channels of both satellites 1 10. 120. and is conf igured to introduce a time delay. 73 Thu* in 
he illustrate embedment, the delay. T3. introduced by the delay stage 735 is approximately 4.5 seconds Tne^ e 

o?I rt Tth ? ^ fe ^ de - inter,eaved at steQ e 725. using an interieaver delay. 6l . of four seconds The 

output of the interleaver 725 is then delayed at stage 745 having a delay. T4. set to 4.5 seconds 

[0047] Following delay stages 735. 740. 745 and 750 the de-interleaved signals are all now properly aligned to 

EEZZZ T u h r 8 T d T:^ e r the on - nme and de,ayed 5i9na,s - as we » as *• -ioiiS 

tunmg channel Thus, the outputs of the delay stages 735. 740. 745 and 750 are combined at stage 760 (or 765 in an 

SfST h 109 3 ' FEC COder 780 ,0r ^ ,ay9r) - A decoder 770 <"»*• the inp 9 ut signals accoSi™ 
to the coding scheme used by the first FEC coder 520 of the transmitter section 500. accora.ng 
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[0048] The FEC decoded signal is then applied to an audio/source decoder 790. If the receiver is at a steady state, 
e.g., set at one channel position for more than a predetermined time interval, the audio/source decoder 790 responds 
to the output of the primary channel only, or in combination with the output of the tuning channel. If the user selects a 
new channel, the audio/source decoder 790 is configured to respond only to the tuning channel. The program is then 
5 reproduced based only on information from the tuning channel, and the program reproduction delay is reduced to 500 
milliseconds. In this manner, the user is able to obtain a reproduction of the program with minimal delay when tuning or 
switching among program channels. After a desired program is tuned and reproduced, the audio/source decoder 790 
gradually resumes reproduction of the output of the enhancement layer, as the corresponding enhancement layer data 
becomes available. 

10 

SATELLITE COM SYSTEM 

[0049] The transmitted signal from a satellite 110, 1 20, S t , is given by: 

20 where Aj k is the amplitude of the k-* 1 sub-channel, K is the number of audio channels, is the signature code 
sequence for the k- m channel and the /-th satellite, and b^ Is the complex QPSK symbol for each sub-channel. Thus, in 
accordance with the present invention, amplitude of the k- th sub-channel, A^, can be specified on a per-sub-channel 
basis. In this manner, more power can be allocated for more important sub-channels. For example, within an audio pro- 
gram it may be desirable to emphasize the core layer for tuning purposes. 

25 [0050] The received signal is given by: 

r «>= S ZZ»W')V*(^l)W^i)^' , +v(f| Eq.(2) 

/-1.2 / *«0 

30 

where x n is the multipath delay for the /-th path from the /-th satellite, v(t) with E{v(t)v*(t+T)}=N 0 6(x) , is the additive 
white Gaussian noice (AWGN) introduced by the receiver and \j/ represents earner frequency offsets, gj is the path gain, 
and h ,(t) (= X ,h n {hi ,,)) is the impulse response from satellite, Sj. to the mobile receiver 150. 
35 [0051] The output of a multipath for the i-th satellite and the n-th multipath is given by: 

E , m (n)4 J r(t)c] f (t^ lm )dt Eq.(3) 

40 

where each path rake finger is tuned to a multipath. The corresponding pilot signal component for this rake branch is 
given by: 

45 nT+T+t 7)/2 

J r(t)c iQ (t'X im )dt Eq.(4) 

nr+T Jm -(A-r)/2 

so where the rake is tuned to the pilot channel. 

[0052] The pilot-aided demodulated and diversity combined signal at the output of the (M 1 + M 2 ) - branch rake 
receiver is: 

55 y,(")= £ c /m (n)T,; m (n),/=1,2 Eq.(5) 

meMf 
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where Mj contains the indices corresponding to the M r largest values of \h im [n)\ 2 . 

[0053] It is noted that by using the pilot signal, a pilot-aided coherent demodulation technique is achieved that leads 
to maximal-ratio-like diversity combining of the on-time and delayed signals and also the two satellite transmissions. For 
a more detailed discussion of maximal-ratio diversity combining, see, for example, John G. Proakis, Digital Communi- 
5 cations, 721-25 (2d ed. McGraw Hill, 1989). Thus, when there is only one path from each satellite, fourth (4 ,h ) order 
diversity is achieved. 

[0054] In a further embodiment, the mobile receiver 150 can employ dual receive antennas for the spatial filtering 
of the two satellite signals. This technology is referred to as "beam forming," and is described in R.T. Compton, Jr., 
Adaptive Antennas: Concepts and Performance (Prentice Hall, 1988). It is a well known result that two antenna ele- 

io ments can null one interfering source. In the present invention, when the signal received from one satellite is very good, 
the other satellite may appear as interference and the interference loss may exceed the diversity gain. In such case, the 
antenna pattern can be adaptively changed to pick up only one satellite signal and null out the other satellite signal. 
[0055] in addition, rather than assigning equal power to all channels at all times, as described above, if some of the 
audio channels contain speech, such as talk radio, then the power can be adaptively allocated to those channels so that 

« the capacity of the CDM system 100 can be maximized. During the periods when there is silence, the bit-rate of the 
source is low and the energy that is assigned to the talk channel can be lowered as well 

[0056] It is to be understood that the embodiments and variations shown and described herein are merely illustra- 
tive of the principles of this invention and that various modifications may be implemented by those skilled in the art with- 
out departing from the scope and spirit of the invention. 

20 

Claims 

1. A method for broadcasting a programming signal in a satellite broadcast system having one or more satellites, 
comprising the steps of: 

25 

interleaving said programming signal with a first interleaver producing a first interleaved signal having a first 
inter! eaver delay; 

broadcasting said first interleaved signal on a carrier frequency using at least a first orthogonal code; and 
broadcasting a tuning signal corresponding to said programming signal. 

30 

2. The method of claim 1 , wherein said tuning signal is produced by interleaving said programming signal with a sec- 
ond interleaver, said tuning signal having a second interleaver delay shorter than said first interleaver delay. 

l_ 3. The method of claim 1,. further comprising the step of broadcasting said tuning signal on said carrier frequency 
35 using a second orthogonal code. 

4. A method for broadcasting a programming signal in a satellite broadcast system, comprising the steps of: 

interleaving said programming signal with a first interleaver producing a first interleaved signal having a first 
40 interleaver delay; 

interleaving said programming signal with a second interleaver producing a second interleaved signal having 
a second interleaver delay shorter than said first interleaver delay; 

broadcasting said first interleaved signal on a carrier frequency using at least a first orthogonal code; and 
broadcasting said second interleaved signal as a tuning signal on said earner frequency using a second 
45 orthogonal code. 

5. The method of claim 1 or 4, further comprising the step of synchronizing said tuning signal to said first interleaved 
signal. 

so 6. The method of claim 1 or 4, wherein said first interleaved signal and said tuning signal are broadcast from the same 
satellite. 

7. The method of claim 1 or 4, further comprising the steps of: 

& interleaving said programming signal with a second interleaver producing a second interleaved signal having 

said first interleaver delay; 

time-shifting said second interleaved signal relative to said first interleaved signal to produce on-time and 
delayed versions of said programming signal; and 
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and 

means for broadcasting said second interleaved signal as a tuning signal on said carrier frequency using a sec- 
ond orthogonal code. 

37. A method for broadcasting a programming signal, comprising the steps of: 

interleaving said programming signal with a first interleaver producing a first interleaved signal having a first 
interleaver delay; 

broadcasting said first interleaved signal on a carrier frequency using al least a first orthogonal code; and 
broadcasting a tuning signal corresponding to said programming signal. 

38. The method of claim 37, wherein said signals are broadcast from a satellite. 

39. The method of claim 37, wherein said signals are broadcast from a terrestrial transmitter. 
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